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Few studies have measured the flame retardants
polybrominated diphenyl ethers (PBDEs) in the indoor
environment. Here, we report measurements of PBDEs in
house dust samples collected from the Washington,

D.C. metropolitan area in the United States. Dust samples
were analyzed for 22 individual PBDE congeners and

our results found PBDEs present in every sample.
Concentrations of total PBDEs ranged from 780 ng/g dry
mass to 30 100 ng/g dry mass. The dominant congeners
observed in the dust samples were congeners associated
with the pentaBDE and decaBDE commercial mixtures.
Ancillary data were collected on the homes and examined
for any correlations with total PBDE concentrations. No
correlations were observed with year of house construction,
type of flooring (i.e., hardwood vs carpet) or the number
of television sets or personal computers in the home. However,
a significant inverse correlation (p < 0.05) was observed -
between the area of the home and the contribution of BDE
209 to the total PBDE concentration in dust. Using
estimates of inadvertent dust ingestion (0.02—0.2 g/day)
by young children {ages 1—4), we estimate ingestion of total
PBDEs to range from 120 to 6000 ng/day. Clothes dryer
lint was also sampled and analyzed for PBDEs from five
of the homes and were present in all five samples ranging
from 480 to 3080 ng/g dry mass. This study demonstrates
that PBDEs are prevalent at relatively high concentrations
within homes where people, and particularly young
children, may be susceptible to exposure.

Introduction

Polybrominated diphenyl ethers (PBDEs) are brominated
flame retardant chemicals that are applied to many common
products found within homes such as furniture, carpeting,
mattresses, televisions, coffee makers and hair dryers (I).
Because of fire safety standards, many of these products are
required to contain flame retardant chemicals which sig-
nificantly delay the onset and spread of fire. The use of flame
retardants in these products is estimated to have helped save
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millions of dollars in property damage and to have saved
many lives (2). However, the heavy use of these chemicals,
and the manner in which they are applied, has caused PBDEs
to leach from the treated materials and accumulate in animals
and humans. Reports have now demonstrated that concen-
trations of PBDEs have been increasing rapidly over the past
25 years in many environmental matrixes (3, 4) and in human
serum and breast milk (5—7).

PBDE concentrations have been measured in human
serum, adipose tissue, and breast milk and all have shown
that PBDE levels are about 17 times higher in North American
individuals than those from individuals in Europe (8). The
European Union has phased out the use of two of the three
commercial mixtures of PBDEs (pentaBDE and octaBDE)
this year and the state of California will follow in 2008. Because
of this phase out, North America now uses 98% of the world
market demand for pentaBDE, the commercial mixture which
contains the congeners that are commonly observed in
human tissues. Great Lakes Chemical Co., the sole producer
of pentaBDE in the United States, has chosen to voluntarily
phase out the production of pentaBDE by the end of 2004
(9); however, products that contain pentaBDE (i.e., furniture
and carpets) will most likely remain in most homes for years.
The third commercial mixture, decaBDE, is still used without
regulation. It is the most heavily used with an estimated
world market demand of 56 000 tons as reported in 2001
(10). DecaBDE is usually incorporated into high-impact
polystyrene that is commonly found in the casings of TV sets
and computers.

Studies have suggested that dietary exposure is the most
likely route by which people accumulate PBDEs (11). PBDEs
are similar in structure to polychlorinated biphenyls (PCBs),
which accumulate through dietary ingestion (12). However,
in contrast to PBDEs, PCBs were used primarily in electrical
transformers and capacitors that were external to the home
environment. Leaching of PCBs from transformers in landfills,
industrial regions, and at point sources all contributed to
high levels of PCBs in the environment and their biomag-
nification in aquatic food chains. PBDEs, in contrast, are
applied to products found in almost every home in percent-
ages as great as 30% by mass of the product to which they
are applied (1). Studies comparing indoor versus outdoor air
have shown that concentrations are greater in homes (1.6—
43 times greater) than they are in the outdoor environment
(13). The large concentration of PBDEs in residential use
products suggests that the home environment may also be
a significant source of human exposure to PBDEs.

In the present study, we collected dust from 16 homes in
the Washington, D.C. metropolitan area and one home in
Charleston, SC, to analyze for PBDEs. Dust has been used
as an indictor of indoor exposure to pollutants such as lead
and pesticides (14, 15). Young children are particularly
vulnerable to contaminants found in dust as they are often
in close contact with floors and dusty surfaces and have a
greater propensity to put their hands and objects in their
mouths. Past studies have set a precedent for contaminant
exposure via dust in young children, as house dust has been
positively correlated with children’s blood lead levels (15—
17).

PBDE congeners found in the pentaBDE commercial
mixture cause neurobehavioral deficits and disrupt thyroid
hormone homeostasis in rodent and human in vitro studies
(18—21). Fewer studies have been conducted examining the
toxicity of decaBDE; however, some studies using mice and
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TABLE 1. Ancillary Information Collected from Each House or Apartment Sampled

area year of
sample city type? (m?) construction

1 California, MD H 213.7 1987
2 Gaithersburg, MD H 204.4 1974
3 Lusby, MD H 185.8 1992
4 Gaithersburg, MD H 185.8 1967
5 Lusby, MD H 167.2 1986
6 Lusby, MD H 167.2 2002
7 Silver Spring, MD H 157.9 1949
8 Charleston, SC H 116.1 1994
9 Silver Spring, MD T 223 1960
10 Arlington, VA T 139.4 1983
11 Silver Spring, MD B 65 1923
12 Lusby, MD B 55.7 1987
13 QOakton, VA A 101.3 1984
14 Alexandria, VA A 83.6 1989
15 Germantown, MD A 80.8 1987
16 Gaithersburg, MD A 62.2 2000
17 Washington, D.C. A 55.7 1960
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rats suggest that chronic exposure may lead to neoplastic
nodules in the liver and increases in the incidence of
hepatocellular adenomas and carcinomas (22, 23). Very little
is known about the direct effects of chronic PBDE exposure
on people and particularly on babies and young children
who are in sensitive developmental stages. Our objectives in
this study were to measure PBDEs in house dust and
determine the potential for exposure of PBDEs to young
children via house dust. In addition, clothes dryer lint was
analyzed for PBDEs as an alternate matrix for assessing the
levels of PBDEs within the home and to determine if PBDEs
may be adsorbing to clothes.

Materials and Methods

Dust samples were collected from 16 homes in the Wash-
ington, D.C. metropolitan area and one home in Charleston,
SC (Table 1), between January and March of 2004. Dust was
collected from the floor in the main family room of all homes
with a small commercial vacuum (Euro-Pro model, 500 W)
equipped with a hose. Dust entering the vacuum first passed
through a 1-mm wire mesh before being collected on a
standard coffee filter (white-bleached filter for 12-cup drip
coffee maker) which was inserted between the basket and
HEPA filter. Between sample collections, the vacuum was
thoroughly cleaned with hot water and a methanol rinse,
and the coffee filter was replaced. In each home, dust was
collected by vacuuming the rugs or hardwood floors (most
with area rugs) until sufficient mass (0.1—0.5 g) was collected
on the filter (approximately 15—30 min of vacuuming). The
dust samples that were collected were assumed to be dry
and no measurement of water content was performed. In
place of a field blank, sodium sulfate powder was spread
across a tile floor and collected with the vacuum in a manner
similar to the dust samples. After vacuuming, the dust or
field blank was scraped off the filter into precleaned glass
jars using methanol-rinsed spatulas and taken back to the
laboratory for extraction. Lint was collected from homes by
removing the lint trap from the clothes dryer and collecting
all the material off the lint trap, which was then wrapped in
clean aluminum foil and placed in a plastic bag until
extraction.

An occupant from each home was asked to complete a
survey regarding some ancillary parameters of the home.
Data collected from each home included year of construction,
area, the number of foam-containing couches and chairs,
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the number of TVs and computers, and the number of hours
each week the computer was left on. Observations were also
made regarding whether the home contained predominantly
hardwood or carpeted floors in the main family room.
Prior to extraction, between 50 and 100 ng (in hexane) of
a 3C-labeled BDE 209 (2,2,3,3',4,4',5,5,6,6’-decabromo-
diphenyl ether, BDE 209L) and a '3C-labeled chlorinated
diphenyl ether (2,2',3,4,5-pentachlordiphenyl ether, CDE 86L,
both from Cambridge Isotope Laboratories, Andover, MA)
were added to each sample as internal standards. Dust
samples were extracted using pressurized fluid extraction
(Dionex model ASE 200) with dichloromethane. All samples,
blanks, and calibration solutions were extracted using the
following program parameters: temperature at 100 °C, heat
time for 5 min, static time for 5 min, and pressure at 13.8
MPa (2000 psig), for three cycles. The extract was reduced
in volume to 0.5 mL using an automated evaporation system
and solvent exchanged to hexane. The extract was further
cleaned using precleaned silica Sep-Pak cartridges (Waters
Co., Milford, MA). Cartridges were first cleaned with 10 mL
of hexane and the extract was eluted using 20 mL hexane.
After concentration to 0.5 mL, the final extract was measured
for PBDEs using an Agilent 6890 series gas chromatograph
coupled to an Agilent 5973 mass spectrometer (GC/MS).
Quantification of BDE congeners was performed with a
GC/MS using negative chemical ionization and was operated
inthe selected ion monitoring mode. All BDEs were quantified
using ions 79 and 81 (bromide ions) with the exception of
BDE 209, which was monitored with ions 487 and 409. The
22 individual BDE congeners that were quantified in this
study include triBDEs: 17, 28; tetraBDEs: 71, 47, 66;
pentaBDEs: 100, 99, 85; hexaBDEs: 154, 153, 138, 156;
heptaBDEs: 184, 183, 191, 190; octaBDEs: 197, 196; nona-
BDES: 208, 207, 206, and the fully brominated BDE 209. A
15m x 0.25 mm (i.d.) 5% phenyl methylpolysiloxane capillary
column (0.25-um film thickness; ] & W Scientific) was used
for the separation of the BDE congeners, and all injections
were performed with cool on-column injection. The inlet
was programmed to follow the oven temperature program
which was 80 °C for 2 min followed by a temperature ramp
of 12 °C/min to 140 °C, then another ramp from 140 °C to
280 °C at 5 °C/min (held for an additional 20 min at 280 °C).
The ion source was held at a constant temperature of 200 °C,
the quadrupole was held at 100 °C, and the temperature of
the transfer line was held at 280 °C. The method detection
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FIGURE 1. GC/ECNI-MS chromatogram comparison of PBDE standard and house dust collected from sample 13. lons 79 and 81 were used
to monitor tri- through nonaBDEs, while ion 487 and 409 were used to monitor BDE 209.

limit (MDL) for the PBDE congeners ranged from 1 ng/g dry
mass (for BDE 28) to 6 ng/g dry mass (for BDE 209).
Instrumental detection limits (S/N = 50) for BDE congeners
ranged from 0.1 to 0.4 ng. Field blanks contained traces of
BDEs 47, 99, and 209 but all values were low enough (<5 ng),
relative to the smallest mass measured (78, 38, and 55 ng for
BDEs 47,99, and 209, respectively) to avoid blank subtraction.
Replicate extractions were performed on three of the house
dust samples and values for all replicates were within 25%
of each other. The National Institute of Standards and
Technology (NIST) has an indoor dust standard reference
materials (SRM 2585) that is in the process of being certified
for PBDEs and which will be available in 2005 (24). These
SRM was used as quality control material on the values
reported in this paper.

Results and Discussion

Concentrations in Dust. Each house sampled has been given
a number and is listed in Table 1 with the ancillary
information collected from the survey of each home. A
representative house dust chromatogram displaying the
peaks for PBDEs is presented in Figure 1. PBDEs were detected
in every house dust sample collected and concentrations of
total PBDEs (sum of all 22 individual congeners) ranged from
780 to 30 100 ng/g dry mass (Table 2). This range in
concentration is very similar to a study recently conducted
by the Environmental Working Group in which they sampled
house dust from 10 homes around the United States and
observed concentrations ranging from 600 to 41 000 ng/g
dry mass (25). In another study, Rudel et al. (26) collected
dust samples from 89 homes in the state of Massachusetts
and measured only three BDE congeners (BDE 47, BDE 99,
and BDE 100) and found average concentrations of 700, 1290,
and 170 ng/g dry mass for BDE 47, BDE 99, and BDE 100,

respectively. In a study conducted in Germany (27), PBDEs
were measured in house dust from 40 German homes
between 2001 and 2003 and the average concentrations were
120, 180, and 20 ng/g dry mass for BDE 47, BDE 99, and BDE
100, respectively. Comparing these results to this study, the
concentrations of these three congeners are almost an order
of magnitude higher in house dust found in U. S. homes
relative to homes in the European Union, similar to the trend
observed for PBDEs in human serum and breast milk, and
in fish (8).

Concentrations of total PBDEs measured in the Wash-
ington, DC, area house dust samples are relatively high
compared to most sediment samples collected in various
countries. Total PBDEs in most sediment samples (both
United States and abroad) are typically less than 100 ng/g
dry mass (8) with the few exceptions measured at industrial
point sources or near wastewater treatment plants (28, 29).
The highest concentrations of PBDEs in abiotic samples are
often found in sewage sludge. The total concentration of
BDE 47, BDE99, and BDE 100 was measured in sewage sludge
from 11 areas around the United States and concentrations
ranged from 1120 to 2290 ng/g dry mass (30), which were
lower than the average concentration for these three
congeners in the house dust measured. BDE 209 was also
measured in these sewage sludge samples (30), and it ranged
from 85 to 4890 ng/g dry mass, comparable to levels in house
dust.

Commercial BDE Composition in Dust. As mentioned
previously, three PBDE commercial mixtures are used on
different types of products found within homes. The pent-
aBDE mixture is predominantly applied to polyurethane foam
found within many couches and chairs. The dominant BDE
congeners in pentaBDE mixtures are BDE 47, BDE 99, and
BDE 100, which are the most abundant congeners in human
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TABLE 2. Concentrations (ng/g dry mass) of Individual PBDEs Measured in House Dust Samples®

house

congener 1 2 3 4 5 6 7 8 9

BDE 17 216 4.1 6.3 174 25.0 =di# =dl 21 2.2

BDE 33,28 76.5 149 243 37.1 594 79 17.0 89 6.1

BDE 71 =dl <dl =dl =<dl <dl =dl =<dl =dl =<dl
BDE 47 7610 885 436 2110 1250 432 388 1150 356
BDE 66 142 93 87 391 574 184 <dl 59.6 129
BDE 100 2090 145 108 249 165 108 946 367 345
BDE 99 13,800 819 676 1470 944 648 571 2120 174
BDE 85 620 30.3 320 83.1 451 41.0 277 117 6.8

BDE 154 1250 748 728 116 80.3 50.8 650 214 126
BDE 153 1510 64.4 925 164 110 634 59.2 217 1.7
BDE 138 111 60 7.2 220 11.1 54 =<dl 36.2 13

BDE 156 <dl <dl =dl =dl <=dl =dl =dl =dl =<dl
BDE 184 =d| <dl =dl <=dl =dl =dl =dl =<dl =<=dl
BDE 183 71.5 10.1 189 124 17.6 19.2 168 255 1.3

BDE 191 <dl <dl =dl =dl =dl <dl <dl =<dl =<dl
BDE 190 3.0 <dl 1.0 <=dl =dl =d =<dl 105 =dl
BDE197 224 69 157 =<dl 122 95 77.2 =dl =di
BDE 196 16.2 5.0 10.1 <dl 13.8 6.7 386 <dl =<=dl
BDE 207 341 10.1 185 10.1 17.8 19.1 30.1 11.0 =dl
BDE206 589 139 18.0 28.6 36.2 208 135 21.7 =<dl
BDE 208 nmt 98 nm 118 192 nm 9.0 133 =dl
BDE 209 2400 616 1010 1350 1530 951 470 1170 162
total 30,100 2730 2580 5780 4390 2440 2030 5480 780

10 n 12 13 14 15 16 17  mean median

61 =<dl 15 15.0 52 42 45 <dl 89 42
250 42 5.4 250 9.3 148 129 29 20.7 148
<dl <dl =<dl =dl <dl <dl =<dl <dl =<dl =dl
1660 103 325 1830 178 1030 644 352 1220 644
305 53 49 455 106 13.4 196 7.5 285 134
321 259 599 436 393 215 119 77.0 274 119
1910 162 381 2690 209 1330 610 444 1700 676
103 58 225 14 128 743 33.1 19.2 83.4 331
144 11.8 354 282 31.1 110 63.8 347 156 728
170 13.9 43.0 286 344 152 559 38.0 181 64.4
158 1.6 41 366 62 116 122 52 173 7.2
<dl =dl =dl =dl <dl <dl <dl =dl =<di =dl
<dl =dl =dl =dl <dl <dl <=dl <=dl =dl =dl
279 49 7.1 241 65.4 15.8 149 17.6 30.7 17.6
<dl =dl =dl =<dl <dl <dl =<dl =dl =d =dl
<dl =dl =dl <=dl =dl =dl =dl =dl 45 =dl
147 50 48 150 398 7.1 <=dl 135 174 95
76 60 27 2286 275 45 205 214 145 76
35.4 420 79 109 76.6 9.8 19.8 29.1 30.0 19.1
52,2 925 12.0 239 76.9 144 51.6 68.2 51.1 286
nm 108 nm 60 106 nmnm 22 22 347 19.2
2490 3740 769 8750 2120 770 2910 4310 2080 1350
7080 4250 1700 14,990 3030 3800 4590 5470 5900 4250

2 Total represents the sum total of all 22 individual congeners measured in each dust sample.  <dl indicates sample measurement was less
than the detection limit. ¢ nm indicates this congener was not measured in this sample.
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FIGURE 2. Contribution of commercial mixtures to the total BDE
concentration measured in house dust samples. [% DecaBDE = %
BDE 209/total BDE; % pentaBDE = (X BDE 47 + BDE 99 + BDE
100)/total BDE; % octaBDE = % BDE 183/total BDE].

tissues (8). The sum of these three congeners ranged from
290 to 23 500 ng/g dry mass in the house dust samples
collected in the present study. As a percentage of the total
PBDE burden, these pentaBDE congeners represented
anywhere from 7 to 80% of the total (Figure 2); the average
contribution to the total PBDE concentration was 48%.

BDE 209 is the dominant congener (97%) in the decaBDE
commercial mixture. Concentrations of BDE 209 in house
dust ranged from 162 to 8750 ng/g dry mass. As a percentage
of the total PBDE burden, BDE 209 represented between 8
and 88% of the total (Figure 2), and the average contribution
from decaBDE in these house dust samples was 41%. The
variation in the contribution of BDE 209 to the total PBDEs
among homes is surprising and may reflect different elec-
tronic products found within the homes (i.e., different brands
of computers, stereo equipment, or other electrical appli-
ances).

PentaBDE and decaBDE were the dominant mixtures
measured in house dust samples in this study, although the
third mixture, octaBDE, was detected at low levels in a few
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FIGURE 3. Ratio of BDE 47 to BDE 99 measured in all house dust
samples versus the total BDE concentration. Line represents the
ratio observed in the commercial pentaBDE mixture, DE-71. Numbers
within the graph represent the sample number listed in Table 1.

homes. OctaBDE consists primarily of BDE 183, BDE 197,
and BDE 196. The contribution of these three congeners to
the total PBDE burden in house dust samples ranged from
<1% up to 14% (Figure 2).

BDE Ratios in House Dust. In the present study, we
examined the ratio of BDE 47/BDE 99 in the house dust
samples and compared it to the ratio in the commercial
pentaBDE mixture. As seen in Figure 3, the ratio of BDE
47/BDE 99 in the commercial pentaBDE mixture, DE-71, is
approximately 0.6. The two house dust samples that had the
highest PBDE concentration displayed a ratio very similar to
the commercial mixture. The house dust sample with the
lowest PBDE concentration (780 ng/g dry mass) displayed
a ratio that was the most aberrant from the commercial
mixture ratio. Because the two house dust samples with the
highest total PBDE concentration displayed a ratio similar
to the technical pentaBDE mixture, it suggests that these
dust samples were collected very close to a product that
contained the pentaBDE mixture. The other house dust
samples displayed a range (0.5—2.0) in the ratio of BDE 47/
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FIGURE 4. Correlation between area of the home sampled versus
the contribution of BDE 209 to the total PBDE concentration measured

in the house dust sample. (p < 0.01). Numbers within the graph
represent the sample numbers listed in Table 1.

BDE 99, suggesting that other mechanisms were affecting
the transport or accumulation of these congeners in house
dust.

A few studies have demonstrated that BDE congeners
debrominate either abiotically from exposure to UV light
(31, 32) or from apparent metabolic functions in fish (33). In
the study by Eriksson et al. (32), photolytic breakdown of
BDE 99 in methanol/water was observed with a half-life of
approximately 64 days. However, the authors did not identify
what products were formed from the decomposition of BDE
99. The removal of one of the metasubstituted bromine atoms
from BDE 99 results in the formation of BDE 47. It is possible
that degradation of BDE 99 could occur in the house dust
samples, which would lead to the formation of BDE 47. This
would result in the elevated ratios we observed in Figure 3;
however, no studies have examined this issue. Alternatively,
it is possible that BDE 47 may be fluxing out of the treated
products at a greater rate than BDE 99, which would affect
our observed ratios. BDE 47 has a higher vapor pressure
than BDE 99 and modeling scenarios suggest that BDE 47
has a greater potential for long-range transport (and char-
acteristic travel distance) relative to BDE 99 (34).

Factors Contributing to PBDEs in Homes. The owner of
each home filled out a short questionnaire following sam-
pling. Information such as year of house construction, area
of the home, and number of TVs and computers present in
the home were all collated and are presented in Table 1.
Linear regression analysis indicated no significant associa-
tions between PBDE concentrations and the variables listed
in Table 1, with one exception. There was a significant inverse
relationship (p < 0.05) between the area of each home and
the contribution of BDE 209 to the total PBDE concentration
(Figure 4). Since data are only available for 17 house dust
samples, it is difficult to determine if this correlation would
hold true for all homes in the United States. Five apartments
(area < 101 m?) were sampled in this study and in four of
these five apartments the contribution of BDE 209 to the
total PBDE burden in house dust was 60% or greater. Two
basement apartments were sampled and the contribution of
BDE 209 in these two samples was 45% and 88%. In contrast,
the contribution of BDE 209 in the townhomes and single-
family detached homes (n = 10, area > 110 m?) averaged 27
+ 10% of the total PBDE concentration. The explanation for
this trend is unclear at this time.

PBDEs in Clothes Dryer Lint. To further examine the
presence and concentrations of PBDEs in the home, 5 of the
17 homes sampled in this study were randomly revisited and
lint samples were collected from the lint traps of the clothes

TABLE 3. Concentrations of BDE Congeners (ng/g dry mass)
Measured in Dryer Lint from Homes?

BDE BDE BDE BDE BDE total BDE
sample 47 100 9 183 209 in lint
10 145 23 105 7 104 480
15 130 24 133 3 230 570
16 210 54 280 1 58 680
13 310 58 370 2 800 1680
14 38 8 57 1 28390 3080

2 Total BDEs represent the sum of 22 individual congeners measured
in each sample. Sample number refers to the number assigned to each
home sampled for dust.

dryer in the home. Presumably, the washing process may
remove PBDEs prior to drying and it is not known how the
drying heat affects the retention of PBDEs to clothes and
lint.

Dryer lint has been examined in the past for lead levels
and has been suggested as an alternative matrix for non-
intrusive environmental contaminant screenings within the
home (35). Dryer lint is a heterogeneous mixture of cotton
and synthetic fibers, hair, and other materials and may be
a sink for hydrophobic contaminants.

PBDEs were present in all five dryer lint samples in levels
that were, on average, lower relative to the dust samples
collected within the same home (480 ng/g to 3080 ng/g dry
mass, Table 3). Four of the dryer lint samples were comprised
of congeners fromboth the pentaBDE and decaBDE mixtures,
while one lint sample from home 12 was 94% BDE 209. The
source of the BDE 209 in this dryer lint sample is unknown
but may come from contact with house dust. This same home
had equivalent levels of PBDEs in both the house dust and
dryer lint sample, and both dust and dryer lint had high
contributions of BDE 209. There was no correlation between
total PBDEs in dryer lint and total PBDEs in house dust in
these five homes. However, there was a slight correlation (p
< 0.20) in BDE 47 concentrations between dryer lint and
house dust. Given that only five samples were used in this
preliminary study, it is difficult to determine if the concen-
trations of pentaBDEs are correlated between house dust
and clothes dryer lint. PBDEs in dryer lint may be more
reflective of recent dryings and may depend on the material
being dried (i.e., towels, sheets, or clothes), while house dust
may be reflective of accumulation over longer periods of
time. The source of the PBDEs in the dryer lint is unclear at
this time but may suggest that our clothes are picking up
PBDEs within the home which can then be collected in the
dryer lint during the drying process. In contrast, we cannot
rule out the possibility that PBDEs are present in the dryer
itself. To the authors’ knowledge, this is the first report in
which PBDEs have been measured in dryer lint.

Potential Exposure via House Dust. Investigations into
possible exposure routes have primarily focused on dietary
intake, although scientists have stated that inhalation and
dermal exposure in the home need to be further investigated
(36); hence, the primary routes of PBDE exposure to people
are still unclear. Some studies suggest a positive correlation
between human BDE concentrations and fish consumption
(37). However, other studies have found no such correlation
between PBDEs in human milk versus dietary intake of fish
(38).

Studies have demonstrated that concentrations of PBDEs
are significantly higher in indoor air versus outdoor air (13)
and indoor organic films on windows are also more con-
centrated in PBDEs as opposed to outdoor organic films (39).
These studies suggest that indoor environments may be a
significant pathway for exposure to PBDEs. One study in the
United Kingdom estimated the relative intake of PBDEs from
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TABLE 4. Comparison of PBDE Intake Rates among Different Age Classes from Different Routes of Exposure

exposure route population country intake (ng/day)
diet adults Sweden 51

diet adults Finland 44

diet adults Spain 80-97

diet adults United Kingdom 107
nursing newborns United States 17702
nursing newborns United Kingdom  210°
nursing newborns Sweden 967
inhalation adults United Kingdom 20

dust ingestion children 1—4 United States 120-1180%
dust ingestion adults United States 3.3°

congeners included reference
47, 89, 100, 153, 154 21
47,99, 100, 153, 154 49
tetra- through octaBDEs 11
47,989, 100, 153, 154 40
17, 28, 47, 66, 77, 85, 99, 100, 138, 153, 154, 209 48
47,89, 100, 153, 154 50
47,89, 100, 153, 154 38
47,99, 100, 153, 154 40
see Materials and Methods section this study
see Materials and Methods section this study

a Assuming milk sampled is 3% lipid and that a 5 kg infant ingests 800 mL milk/day. ® Assuming an average PBDE concentration of 5800 ng/g
dust and that children ingest between 0.02 and 0.2 g of dust/day ( 74, 45). ¢ Assuming an average PBDE concentration of 5900 ng/g dust and that

adults ingest 0.00056 g/day of dust (57).

diet versus inhalation on the basis of the concentrations of
PBDEs measured in a few homes (n = 7) in England (40).
Their study suggested that exposure via diet and inhalation
was approximately 107 and 20 ng/day, respectively. However,
no studies have examined the intake of PBDEs from house
dust.

A few reviews have focused on house dust as a metric for
assessing indoor exposure from organic contaminants,
particularly in small children (14, 41—43). Studies have
demonstrated that high lead levels in childrens’ blood are
positively correlated with lead levels in house dust, setting
a precedent for house dust contamination and exposure to
children (15—17). In arecent study, the “mouthing” of fingers
by four-month-old infants was found to be responsible for
as much as 2/3’s of the infant’s daily exposure to lead (44).
Considering this, it may be necessary to assess the exposure
of small children to PBDEs via house dust, particularly
because the main source of these compounds is found in
products within the home and is not tracked in from external
environments. However, adequately assessing the exposure
via house dust is confounded by many factors, including
children’s behavior and factors that affect the accurnulation
of PBDEs in house dust (i.e., frequency of vacuuming, types
of products in the home, ventilation rates, etc.).

There are some simple models which have been used to
estimate the daily intake of contaminants via house dust in
young children (14, 45). These estimates assume that young
children ingest anywhere from 0.02 to 0.2 g of dust daily.
Using these estimates, we have provided a rough estimate
of the daily intake of PBDEs in young children and adults via
house dust on the basis of the average concentration of total
PBDEs measured in house dust in this study (Table 4). Our
exposure estimate for young children is approximately 120—
1200 ng PBDEs daily, on the basis of the mean value of 5900
ng/g dust in these 17 house dust samples. However, if one
uses the maximum concentration of PBDEs measured in this
study (30 100 ng/g dry mass), intake of dust could be as much
as 6000 ng/day. Considering one home among the 17 sampled
displayed such a high concentration, it is possible that 5%
of the general population might also display similar high
concentrations of PBDEs in house dust.

Approximately 40% of this exposure estimate is attribut-
able to ingestion of BDE 209 alone, the primary component
of the decaBDE commercial mixture. Thus, dust exposure to
small children may be aleading exposure route for decaBDE.
BDE 209 is not typically measured (or is difficult to measure)
in human tissues (breast milk, serum, and adipose tissue)
and one study has shown that BDE 209 typically has a small
half-life in human serumwhen it is present (46). As mentioned
previously, some house dust samples were almost 90% BDE
209 and if one uses the maximum concentration of BDE 209
measured in house dust (8750 ng/g dry mass), intake of BDE
209 alone ranges from 180 to 1750 ng/day (assuming dust
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intake 0f 0.02—0.2 g/day). Our estimated intake of BDEs that
are associated with the pentaBDE commercial mixture (i.e.,
BDE 47, BDE 99, and BDE 100) ranges from approximately
70—700 ng/day using the mean concentrations measured in
house dust.

Table 4 compares the intake of PBDEs among different
age groups from different exposure routes. It appears that
young children in the United States may be exposed to higher
levels of PBDEs through dust contact compared to European
adults from either inhalation or dietary exposure. However,
a few caveats must be taken into consideration with this
comparison between the United States and European intake
rates. The U.S. market demand for pentaBDE is approximately
95% of the worldwide market demand (10), which presurnably
leads to higher environmental levels of pentaBDE in the
United States. Fish from the United States, for example, have
BDE levels that are on average 9 times higher than in Europe
(8). Therefore, humans in the United States may have a greater
dietary intake of PBDEs than Europeans. It is unclear how
the exposure of U.S. children to PBDEs from house dust
compares to the dietary intake of PBDEs in adults from the
United States. More studies are needed to estimate PBDE
dietary intake in the U.S. population.

Studies have shown that babies accumulate PBDEs by
both placental transfer from their mothers and from nursing
onbreast milk (47, 48). Considering this, it appears that infants
and young children are receiving greater exposure from
PBDEs through placental transfer, nursing on breast milk,
and from inadvertent ingestion of house dust than adults do
through their diet. This study highlights the need for more
investigations into indoor exposure from PBDEs, particularly
for young children. Concentrations of PBDEs in house dust
were the same as levels measured in sewage sludge samples
and are higher than concentrations measured in most
sediments and soil. PBDEs were also present in dryer lint,
which raises questions about the adsorption of PBDEs from
products in our homes to our clothes.
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